






















Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 19, 2017
Gyrokinetic equations for tokamak turbulence, including a time dependent,
background electric field




Publisher's PDF, also known as Version of record
Link back to DTU Orbit
Citation (APA):
Madsen, J., & Hahm, T. S. (2011). Gyrokinetic equations for tokamak turbulence, including a time dependent,
background electric field. Abstract from 13-th H-mode Workshop, Oxford (GB), .
Gyrokinetic equations for tokamak turbulence, including a time dependent, 
background electric field 
J. Madsen  1*  , T.S. Hahm2
1 Association EURATOM-Risø DTU, Technical University of Denmark, DK-4000 Roskilde, Denmark
2Princeton Plasma Physics Laboratory, Princeton University, P.O. Box 451, Princeton,
New Jersey 08543, USA
* Email: jmad@risoe.dtu.dk
We present an extension of existing gyrokinetic Vlasov-Maxwell equations[1] for edge 
turbulence to include a time-dependent, strong, sheared ExB-flow. The inclusion of a non-
stationary strong ExB flow is required if one tries to apply the gyrokinetic formalism to the H-
mode transition and ELM bursts. The H-mode transition[2] and ELM bursts[3] are associated 
with the formation and changes of a strong, radial electric field Er which varies on a time scale 
on the order of ~100 μs. Terms, previously neglected, in the gyrokinetic equations associated 
with the explicit time-dependence of  Er ,must therefore be retained.
A  nonlinear,  fully  electromagnetic  set  of  gyrokinetic  Vlasov-Maxwell  equations, 
including a time dependent background electric field, has been derived. In comparison with 
previous  results,  the  appearance  of  the  polarization  drift,  and  a  time  dependent  volume 
element, are the main implications of having an explicit time dependent, background electric 
field. A local energy theorem is also presented. The results are derived in both “flavours” of 
the gyrokinetic formalism; symplectic and Hamiltonian.  
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